Speculation
This study shows the extreme variability of plasma renin activity and plasma aldosterone values during the nyctohemeron. It is well known that the dispersion of values for plasma renin activity and plasma aldosterone is greater in children than in adults even after age correction. We therefore speculated that the reactivity to different stimuli of the renin-angiotensin-aldosterone system is increased in children. Consequently, more than one plasma sample is required to evaluate the renin-angiotensin-aldosterone system in children.
Since Gordon et al.'s (7), original work in 1966 many data are now available concerning plasma renin activity (PRA) and plasma aldosterone (PA) nychtohemeral cycles in healthy adults. Nevertheless, there is no general agreement on the pattern of this cycle.
The alternance of a zenith before noon and a nadir in the midafternoon has been reported in daytime studies when plasma samples were obtained only every 3 or 4 hours (2, 7, 17, 24) . In contrast, data obtained from studies with more frequent samples showed peaks scattered all over the day without any defmite pattern (1, 11, 12, 15, 22) . Results obtained from night samples are even less homogeneous.
No data are available on PRA and PA cycles in children. Two facts however are well established; PRA and PA values are higher and more dispersed than in adults (4-6, 10, 14, 19, 21, 23) .
Inasmuch as a micromethod assay for PRA was available in our laboratory, we performed repeated measurements in eight healthy children in order to establish normal nyctohemeral reference values.
MATERIALS AND METHODS
Eight Caucasian children aged between 7 and 15 years were investigated. All were recovering from benign diseases. None of crine, or ne;roiogic diseases. he^ had normal blood pressure.
Before the study, all drugs were discontinued for at least I month. Standard diet meals were given at 8:00 AM, noon, and 6:30 PM. Blood samples (1.5 to 3 ml) were drawn through a small heparinized needle inserted in a forearm or an antecubital vein. Blood samples for determination of PRA and PA were obtained at 7:00 AM on day 1, before breakfast, in the supine position. The children then got up and were active within the paediatric unit. Blood was taken in the upright position at 10:00 AM, 1:00 PM, 4: 00 PM, 5:00 PM, and 8:00 PM. The subjects went to bed at 9:00 PM, and blood was sampled during the night at midnight and 4: 00 AM without interrupting their sleep. A last sample was obtained at 7:00 AM on day 2 in the supine position.
Samples for PRA and PA determinations were collected in chilled tubes containing EDTA. After separation, plasma samples were stored at -20°C until determinations were made. PRA was measured by a radioimmunologic assay (18) . Intra-assay reproducibility was less than 9%. All samples from a single subject were assayed at the same time. PA was measured by a radioirnmunologic assay (3) after extraction and separation by chromatography on Sephadex LH-20 columns run with a dich1oromethane:methan01 (98:2 v/v) mixture.
The 24 hr urine was collected from 7:00 AM on day 1 to 7:00 AM on day 2. Sodium concentration was measured by flame photometry.
Statistical comparisons were made by the paired Student t test. Regression correlation coefficients were calculated using the least squares method.
Informed parental consent was obtained in all cases. This work was accepted by the Local Research Committee (INSERM).
RESULTS
The results of PRA determinations are reported in Table 1 . A fundamental preliminary remark is required: diurnal values in the upright position cannot be compared with nocturnal values in the supine position (20) . Nyctohemeral PRA variations can be summarized as follows: (1) for upright position samples (sampling time between 10:00 AM and 8:00 PM), PRA values present both intra-and interindividual changes. In cases 1,3, and 7, the change does not exceed lo%, and no peak secretion can be detected. In five cases, peaks exist but at different times. The maximal diurnal PRA value lies between 10:00 AM and 1:00 PM in five cases. A minimal PRA mean value between 5:00 AM and 8:00 PM is observed only in one-half of the cases. PRA mean values for each sampling time are maximal at 1:00 PM and minimal at 5:00 PM. Nevertheless, there is no statistical difference in intersampling time values. (2) in supine position samples (sampling time between midnight and 7:00 AM, including the first at 7:00 AM on the first day), PRA values present similar variations. In one case (case 4), there is no peak secretion and the change is 14%. In the remaining seven cases, a peak exists at midnight in three cases, (cases 3, 4, and 7) and at 4:00 AM in four cases, (cases 1, 2, 6, and 8). Mean PRA is maximal at 400 AM and is statistically different from the mean at 7:00 AM.
Two overall results can be noted. First, there is no significant difference (as compared by the paired I test) between various sampling times, except between 7:00 AM (supine position) and 10: 00 AM (upright position) ( P c 0.001) and between 4:00 and 7:00 AM on day 2 ( P c 0.05) both in supine position. Second, there is a correlation (method of least squares) between PRA levels at 7: 00 AM on days 1 and 2 ( P < 0.05), between PRA values at 4:00 and 7:00 AM on day 2 ( P c 0.001) and between l:00 and 4:00 PM ( P < 0.05) on day 2.
PA results are reported in Table 2 . PA varies both intra-and interindividually without any evident pattern. In general, values do not vary in the upright position except in case 6 where peak secretion is observed at 1:00 PM. In the supine position, the 7:00 AM (day 2) value is higher than overnight values. A minimal nocturnal value exists at midnight.
Urinary sodium excretions are represented in Table 3 . In these children fed with an uncontrolled diet, values ranged between 1.7 and 6.2 mmoles/kg body weight.
Correlations (method of least squares) among these three parameters: no correlation is observed in either PRA or PA values, whether these two parameters are associated in the same child or all together, or between PRA or PA and urinary sodium excretion.
DISCUSSION
Nyctohemeral PRA and aldosterone cycles have been well studied in adults. Gordon el al. (7) , using a micro PRA bioassay, were the first to describe a nadir in the afternoon and a nocturnal zenith. Other authors, using bioassays (16) or radioimmunological assays (8, 9, 12-14, 17), have found nyctohemeral PRA changes. The following points should be considered: the cause of the nocturnal PRA peak, the correlations between PRA and PA values, the values of our diurnal PRA results and the basis for interpreting an individual diurnal PRA result.
Several hypotheses have been proposed to elucidate the mechanism of the nocturnal peak such as the role of a discontinuous sodium load, the direct effect of sleep, etc. All of them are controversial. The possible role of discontinuous sodium intake is not clear. Kunita er al. (15) have shown that there is a parallelism between diurnal variation in urinary sodium excretion and PRA and PA diurnal variations. More precisely, they inhibited the nocturnal peak by feeding subjects overnight with meals containing sodium. On the other hand, when Modlinger et al. (17) infused saline serum to subjects between 11:00 PM and 3:00 AM, the peak appeared at the end of the infusion. Our protocol does not bring any direct evidence to establish definite conclusions on this subject. Nevertheless, the fact that there had been a significant decrease from the 400 AM peak to the 7:00 AM value before children received any sodium load (because sampling was done in fasting subjects) suggests that the observed decrease had nothing to do with sodium intake. Thus, the predominant role of sodium load in the onset of nyctohemeral PRA variations cannot be accepted. The evidence brought by our work does not permit further conclusions. Inasmuch as the role of a sodium load can be somewhat minimized, one can speculate on the possible role of a direct regulation originating in <he central nervous system, as has been evoked for PA (12) and PRA (17) nyctohemeral cycles in adults.
The possible role of sleep on the generation of a nocturnal PRA peak is not clearly established. The fundamental work of Modlinger er al. (17) , showing the persistence of a nocturnal PRA peak in subjects kept awake overnight, clouds previous works and in general the discussions on the role of different time periods of sleep (1 1, 12, 22) being at the origin of nocturnal PRA peak. Inasmuch as none of our subjects was kept awake, we can only report that the nocturnal peak occurs almost as frequently at midnight as at 4:00 PM.
In spite of the well known link between PRA and PA, correlations between PRA and PA values, during short, time regulated conditions have been reported inconsistently in the literature (2, value in the supine position at 7:00 AM, the mean upright position PRA value, the value of the diurnal peak, or the mean value of all PRA measurements) and urinary sodium excretion. These findings corroborate similar results reported by others (9, 10, 23) . Thus, physical activity or emotional stress could be incriminated (13) ; it could be extremely variable among different subjects and would be difficult to quantity or to limit. It appeared to us that limiting physical activity might have produced more homogeneous final results but would have had no real relationship with the actual variations of PRA in an active child during the daytime. This study shows the variability of PRA and PA values in children during the nyctohemeron. No correlation has been found between PRA and PA, or between PRA and 24 hr urinary sodium excretion. Nevertheless, the interest of our study was to report nyctohemeral PRA variations in children maintained in conditions that can be considered almost "normal". Inasmuch as PRA values in active and upright children are more scattered than in supine children we recommend blood sampling at 7:00 AM in supine and fasting children. More than one sample may be necessary to evaluate the renin-aldosterone system in children.
